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INTRODUCTION 
The face fly is a major pest · of cattle in East-
Central South Dakota. The female fly feeds on the faces of 
cattle and lays eggs in freshly deposited manure . . Preference 
is shown for the manure of animals fed grass. The egg and 
larval stages are spent in the manure, and the mature larvae 
migrate to the surrounding substrate to pupate. While in the 
pats, the face fly stages present have been shown to be sen-
sitive to a number of physical, chemical and biotic factors. 
The manure pat acts as both a source of food and as 
a habitat for the face fly larva, and as a habitat for the 
egg. Changes in the manure can be expected to induce changes 
in the population _ of organisms living in the pat. The mois-
tureand nitrogen content of cattle manure in tropical areas 
of the world have been shown to be more variable than the 
manure from beef cattle in East-Central South Dakota. These 
variations have also been shown to be important to other 
species of dung inhabiting flies in determining their pupal 
mass and pupal production. 
Current trends in pest management involve building 
predictive models of population growth. These models can be 
used to predict pest outbreaks and also to simulate the im-
pact that control measures applied singly or in an integrat-
ed fashion can have on a pest population. To date, no single 
control method has been effective in controlling the face 
fly. 
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In order to model populations, information pertaining 
· to survival and reproductive patterns must be gathered, as 
well as information on the influences of environmental fac-
tors on these parameters. ·The purposes of this study were to 
detrmine if temporal changes in the moisture and ·nitrogen 
content of cattle manure occur and if they follow a predict-
able pattern over a season, and to examine the effect that 
these changes in manure quality might have on a laboratory 
strain of the face fly in terms of its stage specific mortal-
ity and body size . 
.. 
TAXONOMY 
CHAPTER 1 
LITERATURE REVIE\~ 
A description of the face fly, Musca autumnalis De-
Geer, has been condensed by Teskey (1960), based on previous 
descriptions by Patton (1933) and Van Emden (1939). Teskey 
(op cited) describes the male a.s having a dark, blue-grey 
thorax with four broad black stripes. The abdomen is orange 
with a black dorsal stripe. The most distinguishing charac-
teris their eyes, which nearly touch. This allows easy sep-
aration from males of the house fly, Musca domestica, in 
which the eyes are farther apart and separated by a frontal 
stripe. 
The female has a more greyish thorax, and the abdo-
~ is grey dorsally with less yellow on the sides. The eyes 
are farther apart than in the male, and are separated by a 
narrow frontal stripe, which has straight sides. Females of 
the house fly also have widely separated eyes, with an ovoid 
frontal stripe. 
The egg is somewhat banana-shaped, and white with a 
dark respiratory stalk on the upper end. This stalk is quite 
conspicuous and distinctive (Wang 1964). Only the stalk pro-
trudes above the surface of the cow pat after oviposition 
occurs; the egg being inserted vertically into the pat. 
The larvae are typical maggots, with -a broad poste-
3 
riorend with two spiracles tapering to a narrow head which 
lacks a capsule. The spiracles are a distinctive character 
of the larvae. These lack a peritreme, and each have three 
separate, sinuous slits. 
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Pupae are unusual in that after the last molt, the 
puparium does not tan and become dark, but has calcium car-
bonate deposited in it and is white and crystalline (Fraenk-
el and Hsiao 1967). 
PEST STATUS OF THE FACE FLY 
Pickens and Miller (1980) have recently summarized 
much of the current information published on the face fly. 
The first report of the face fly in North America came from 
Nova Scotia in 1953 (Vockeroth 1953). Since that time the 
fly has spread throughout the United States and Eastern 
Canada. Its current distribution is extensive, occurring 
coast to coast in the northern states and southern Canada 
(Depner 1969, Easton 1979). In South Dakota, its distribution 
is limited mainly to the eastern half of the state where 
more favorable conditions exist. It is also found in the 
Black Hills in western South Dakota, again most likely due 
to the presence of adequate shade and moisture (Easton 1979). 
Adult flies are believed to be important pests of 
livestock for several reasons. They cluster on the faces of 
cattle, primarily around the eyes, nose and mouth, and feed 
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on secretions present. The flies can cause mechanical damage 
to the eyes of cattle, particularly excessive lacrymation, 
inflammation of the eye conjunctivae, hemorrhaging, and as 
exposure to adult flies increases, so does the incidence of 
these disorders in cattle (Shugart et al. 1979). 
In addition to mechanical damage to the cattle's 
eyes, the fly can transmit and predispose the eye to infec-
tionsof pinkeye (Bovine infectious keratoconjuctivitis) and 
eyeworms of the genus Thelazia (Cheng 1967, Gutierres et al. 
1980)~ The causative agent of pinkeye, Moraxella bovis, is 
mechanically transmitted by the face fly. This bacterium is 
present in and survives in secretions of the bovine eye as 
well as on the surface of the fly for up to three days (Steve 
and Lilly 1965). As fly numbers increase on cattle herds, so 
does the incidence of pinkeye (Cheng 1967). Pinkeye can cause 
weight reductions in both weaning and post-weaning calves 
(~hrift and Overfield 1974). The flies are not the sole means 
of transmission of this disease, but due to their habit of 
moving from one face to another, they aid in its transmis-
sion(Pickens and Miller 1980). 
An eyeworm of the genus Thelazia, is biologically 
transmitted by the face fly (Geden and Stoffalano 1977). 
This worm has been found in the eyes of cattle in Wisconsin 
with an average infection rate of 34.2% (Gutierres et al. 
1980). Results of a survey from southern Ontario indicate 
that although fly infestation rates are low (approximately 
3% of flies being infected) infection rates of cattle are 
about 32% (Moolenbeek and Surgeoner 1980). Thelaziasis 
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causes damage to cattle eyes, inflammation, and may lead to 
secondary infection upon the death of adult worms in addition 
to photophobia. The economic load these parasites place on 
cattle has not yet been determined. 
Face flies have also been reported to interrupt 
feeding patterns of cattle by causing the animals to bunch 
for protection (Hansens and Valiela 1967). Moderate fly loads· 
can significantly reduce grazing time by up to 47 minutes a 
day. However, fly loads did not significantly reduce the 
rate of gain of the cattle (Schmidtmann et al. 1981). This 
study was done with large animals; calves may be more sus-
ceptible to weight gain reductions, especially when disease 
is present (Thrift and Overfield 1974). Also, fly levels 
were relatively low, being close to the currently used 
threshold of ten flies/face (Easton 1979). 
The economic impact of these flies have not been e-
valuated due _to lack of adequate control methods and diffi-
culty in sampling populations. Estimated losses due to this 
fly are about 53.2 million dollars annually (Drummond et al. 
19 8l) . 
A substantial amount of work has been done on con-
trolof this fly. Spray-on applications of insecticides pro-
vide temporary relief, but only for about 24 hours (Fales et 
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al. 1961, Ode and Matthysse 1964a). Feed additives have lar-
vicidal activity, but this is effective only as long as the 
cattle ingest the larvicide (Anthony et al. 1961, Ode and 
Matthysse 1964b, Treece 1962). Major problems with this ap-
proach are associated with the difficulty in making daily 
applications. There are also residue problems. Insecticides 
in salt blocks, which can be administered in a pasture, have 
not provided consistent control (Knapp 1965). 
Removal trapping has been suggested using white 
pyramid traps (Pickens et al. 1977); hpwever, Easton (1979) 
has shown that in South Dakota, these traps capture mostly 
male flies. It is the females that are on the faces of the 
cattle (Ode and Matthysse 1967) and constitute the pest pro-
blem. 
The most recent attempt at control has been with 
insecticide impregnated ear tags containing pyrethroid in-
secticides. Eight percent Ectrin@ tags applied to each ear 
of adult cattle did not provide effective control in eastern 
South Dakota in 1981 (Easton and Lysyk unpubl. data). 
With the failure of traditional control methods to 
provide adequate relief frore this fly, attention is being 
focused on understanding aspects of its ecology which could 
be useful in providing insights as to how control may be 
achieved. 
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LIFE HISTORY OF MUSCA AUTU~lliALIS 
Adult flies of both sexes overwinter in buildings or 
hollow trees. They leave their hibernacula in the spring and 
appear in the pasture from late May to the middle of June. 
Mating occurs after emergence and is stimulated by high light 
levels (Lodha et al. 1970a). Females begin feeding on cattle 
using secretions from the face as a protein source for egg 
production (Turner and Hair 1967). Females with r~pe ovaries 
can be found near the the pat where they oviposit. Face flies 
are attracted to the pat almost immediately after its de-
position. There may be a chemical attractant present in ma-
nure formed by animals feeding on grass and this may be re-
sponsible for drawing the females to freshly deposited pats 
(Bay and Pitts 1976). After a short period of time, a crust 
forms on the pat surface, and this prevents the females 
from ovipositing into the pat. Females may not be able to 
penetrate the crust (Teskey 1969). Also, crust formation may 
prevent the release of attractant chemicals. 
Eggs hatch in about a day. As temperature increases, 
so does the rate of development (Wang 1964). Egg mortality 
has been shown to be 9-25% (Wang 1964) and 25-39% (Lodha et 
al. l970b) in the laboratory. After adult flies are 28 days 
old, egg production decreases (Killough and McClellan 1965). 
The eggs hatch into first instar larvae. There are 
three larval instars, after which the third instar larvae 
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rnigrtate out of the pat and find a suitable place to pupate. 
Larvae may migrate up to 2.42 to 3.05 m.from the pat (Jones 
1969). Robinson (1974) believes they pefer to pupate in moist 
soils. The duration of the larval stages is about five days, 
but this is strongly influenced by temperature (Wang 1964). 
Reports of larval m~rtality range from 18-35% (Wang 1964), 
15-62% (Kessler 1971) and from 31.2-78%(Valiela 1969). Valie-
la (1969) has shown that larval survival is strongly influ-
enced by temperature. 
The pupal stage lasts about four to five days (Wang 
1964) with fairly low mortality. After adults emerge, they 
begin to feed. Males mate repeatedly after a day, females 
mate only once after two days. Mating reaches a maximum af-
terfour to five days (Lodha 1970). Female flies can lay eggs 
several times in their lifetime. They will start to feed on 
the cattle's faces after mating prior to egg development. As 
the ovaries mature, the females leave the faces and can be 
found near the pats. Following oviposition, they return to 
the cattle and commence egg development again (Thomas et al. 
19 7 2) . 
This life cycle continues until the late fall when 
in response to lower temperatures and shorter photoperiods, 
emerging flies do not develop their ovaries. Fat bodies 
build up in the abdomen of the flies (Caldwell and Wright 
1978) and they enter heated buildings to overwinter (Peter-
son pers cornm. ) · 
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LARVAL BIOLOGY 
The larvae of the face fly develope in cattle manure 
deposited away from pastures by cattle fed grass (Meyer et 
al. 1978b). While in the pat, the larvae are subject to a 
number of influences, namely biotic and abiotic factors. Bio-
tic ·effects are those which are exerted on a species through 
the presence of other organisms (Krebs 1978). These can be 
thought of as predators, parasites or competitors. Several 
field studies have investigated the exposure of face fly 
larvae to biotic influences (Burton and Turner 1970, Kessler 
and Balsbaugh 1972, Valiela 1969). These generally have in-
volved placing caged and uncaged pats containing a number of 
face fly larvae into a field, collecting the pupae that de-
velope, and then comparing mortality for the caged and un-
caged pats. The difference in mortality is then said to be 
due to biotic influences. Little attention is paid to alter-
ation of physical factors s uch as temperature, . humidity or 
moisture loss which can result when cages are placed over a 
pat (Sheppard and Gibbons 1980). Also, face flies are the 
only available food source for predators in these studies, 
and since predators are not gene r a lly restricted to one food, 
this may result in overestimating the effects of predation 
(3urton and Turner 1970). Kessler (1971) found that although 
high mortality in the laboratory could be caused by preda-
tors, the number of predators in the field is too low to be 
effective. The same can be said for parasites of the face 
fly. 
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The dung pat supports a large number of species 
which use the manure as both habitat ~nd food source, and 
several studies have investigated the effects of · competition 
on the face fly (Lancaster et al. 1976, Moon et al. 1980). 
These studies have shown that while competing species can 
reduce survival and reproductio-n in the face fly, · the num-
bers of competitors required to cause significant reductions 
are quite high. Far more interesting are studies done on the 
effects of intraspecific competion on the face fly (Moon 
1980, Valiela 1969~ Bay et al. 1970). These studies illus-
trate the effects that limiting larval nutrition can have on 
an insect. 
Saprophagous Diptera have a pharyngeal apparatus 
designed for filtering particulate matter out of solution 
and condensing it to form a concentrate of higher nutritive 
value than the surrounding medium. Particles so concentrated 
are of a narrow range in size. These types of filter feeding 
mechanisms appear to be the rule in Dipterous larvae feeding 
on decaying matter. Although . this mechanism has not been 
demonstrated for the face fly, it has been demonstrated for 
other .members of the genus Musca (Dowding 1967). 
Since members of the same species will have the same 
food habits, increasing densities of that species in a lim-
ited resource will show the effects of decreased nutrition. 
12 
Several studies of the effects of intraspecific competition 
have done this. Bay et al. (1970) report that at densities 
of one larvae/two grams of manure pupal weight decreases. He 
also noted that the same response could be demonstrated by 
varying either the numbers of larvae or the amount of manure. 
Valiela (1969) reports a similar threshold. Moon (1980) 
also reports a similar threshold, but also demonstrated 
that larval survival and the fecundity of emerging adults 
decrease at higher densities, while larval development time 
increases at high densities. As fly size decreases, so does 
the number of ovarioles present in the abdomen decrease, 
even though the number of progeny per ovariole remains con-
stant. 
The size of flies as affected by various nutrient 
levels is highly correlated with their reproductive potential 
(Bennettova and Fraenkel 1981). The size that larvae reach 
determines the number of ovarioles present in the adult, 
since these are constant f rom the early pupal stage. This 
has also been determined for the Australian bush fly, 
Musca vetustissima (Tyndale-Bi scoe and Hughes 1969). 
Changes in manure qual i t y have been shown to be im-
portant in other fly species. Greenham (1972) found that the 
nitrogen and moisture content of cattle varied throughout 
the season. These were related to climactic conditions and 
had a significant influence on the pupal weight of the bush 
fly. He also showed that c hanges in manure quality were 
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related to changes in a multiplication index of the fly. 
Kunz (1980) performed a similar. study with the horn 
fly,Haematobia irritans (L.), in Texas. He found that simi~ 
lar changes in nitrogen and moisture content existed as 
in the Australian study, and that nitrogen content of the 
manure showed a strong correlation between pupal production 
and pupal weight of the horn fly. Moisture content did not 
seem to influence this fly at all. 
Valiela (1969) suggests that since moisture content 
of cattle manure changes little over time, ranging only be-
tween 80-90%, that moisture content would have little influ-
ence on face fly larval development. Bay et al. (1969) work-
ed with freeze dried cattle manure that was mixed with var-
ious levels of moisture to give pats of 65-95% moisture at 
5% increments. He found that larvae would not survive at the 
extreme moisture levels and that pupal weight was maximum in 
manure which had 85% moisture. He also tested a variety of 
diets and found that roughage diets would not produce pupae 
of the same weight as lower percentage roughage diets, even 
when these were mixed to the same moisture level. He con-
cluded that size of pupae was influenced by chemical com-
position of the dung. 
377024 
CHAPTER 2 
SEASONAL CHANGES IN NITROGEN AND MOISTURE CONTENT 
OF CATTLE MANURE IN COOL-SEASON PASTURES 
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Cattle manure is the end product of cattle's diges~ 
tion. r.ianure contains a number of chemical, microbial and 
biotic materials and is influenced both by the individual 
animal and the nature of the consumed plant material (Treece 
1966). Several workers (Greenham 1972, Kunz 1980, Sands and 
Hughes 1976) have shown that changes in the quality of m~ 
nure will take place in a given pasture during the course of 
a season. Moisture and total nitrogen content of cattle 
manure have been examined by investigators concerned with 
dung breeding flies. 
Moisture content of fresh cattle dung varies general-
ly between 80 to 90 percent by weight (Valiela l969). There 
have been few relationships established between the diet of 
livestock and the moisture con tent of the manure (Treece l966 
Ruprah and Treece 1968, and Meyer 1978a). Ruminants lose a 
large amount of water through the feces. The amount of water 
lost· depends on the animal's t ota l water intake, the amount 
of dry matter consumed, and the a mount of fibrous material 
in the forage (Church 1976). 
Nitrogen in the feces can be composed of undigested 
plant material, microbial nitrogen, or other non-dietary 
nitrogen sources. Kunz (1980) and Greenham (1~72) have shown 
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that fecal nitrogen is highest early in the pasture's growing 
season, declines throughout the summer, and has an addition-
al peak towards the end of the summer. This peak is believed 
to occur in reponse to forage growth. 
The purpose of this study was to examine ·the moist-
ure and nitrogen content of freshly dropped cattle feces in 
several cool-season pastures in eastern South Dakota and to 
determine how changes in these two parameters occur over a 
season. Later chapters of this thesis will examine the role 
that changes in manure quality can have on a laboratory 
strain of the face fly Nusca auturnnalis. 
MATERIALS AND METHODS 
DESCRIPTION OF STUDY SITES 
Three pastures on the Big Sioux Flood Plain were 
selected for this study. Each pasture bordered the Big Sioux 
River and was easily accessib l e from a secondary road. A 
deciduous forest, primari ly consisting of Elm (Ulmus americ-
ana), Green Ash (Fraxinus penrisylvanicus) and Cottonwood 
(Populus deltoides) (Choate and Spencer 1969), is present 
along the river. Fac e fly number s are generally considered 
higher under these conditions (Depner 1969, Easton 1979). 
Ahern • s pasture is located in northern Moody County 
close to the Brookings-Moody County line in South Dakota. 
Cattle were placed on this pasture during the _last week of 
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May, 1981. Soil types _ in the pasture were determined by exam-
ination of a County Soil map (Watkins and Larson 1926) and 
were identified as a Lamoure silt loam, a silty well-drained 
soil, and Sioux loam, a shallow, excessively drained soil. 
Predominant grass species were identified as Smooth Bro~e 
(Bromus inermis), Western Wheatgrass (Agropyron smithii), 
Kentucky Bluegrass (Poa pratensis), and Timothy (Phleum 
praetense). Salt blocks were pr_esent, but no other feed addi-
tives were used in the 1981 season. The sole insecticide in 
use during 1981 was 8% Ectrin@ ear tags applied 2 per animal. 
This pasture had been grazed continuously since at least 
1977 (Easton 1979)~ 
Wick's pasture is located in the exterme southern 
part of Brookings County in South Dakota. The cattle were 
also placed in this area during the last week of May, 1981. 
Insecticidal ear tags were not on these animals at any time 
during 1981. Soil types were Lamoure and Solomon, a high 
clay soil with poor drainage (Westin et al. 1959). The grass 
species present were similar to those reported above. Graz-
ing had been carried out continually each season since at 
least 1977. Salt was the only feed supplement provided in 
1981, and it had been soaked in fuel oil for its possible 
larvicidal activity. 
Wheeler's pasture is located in northern Moody County 
of South Dakota and had Lamoure and Sioux soil types. The 
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grass was predominantly Smooth Brame and had not been grazed 
in 1980. Cattle and one horse were placed in the pasture 
during the first week of June 1981. 
MANURE COLLECTION 
Fresh manure was collected weekly from Ahern's and 
Wick's pastures during the period from June 2 to October 20 
and from Wheeler's pasture from June 9 to October 6. Cattle 
had been placed on pasture later in the season at Wheeler's 
farm and removed earlier .in the fall of the year than at the 
other sites. Collections were made by placing pats into air-
tight plastic containers· with the aid of two plasterer's 
trowels. Pats were collected within 15 minutes of deposition. 
Five pats were collected from each site from June 2 to Sep-
t~r 8, two groups of three pats each were collected from 
each pasture from September 15 to October 20. 
Manure samples were returned to the laboratory, mix-
ed thoroughly and subsampled to determine the percent mois-
ture and percent total nitrogen of the feces. From June 2 to 
September 8, five subsarnples were taken from each collection, 
and from September 15 to October 20, three subsamples were 
taken from each group giving a total of six subsamples for 
each pasture. 
The moisture content of the manure was determined 
by weighing fresh subsamples and air drying them for 24 
hours in an oven at 60°C. Subsamples were then removed, 
allowed to cool and then reweighed. The percent moisture 
was calculated using the following: 
% moisture = Grams wet weight-grams dry weight x 100 Grams wet weight 
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The subsamples were later analyzed for their nitrogen 
content using a standard Macro-Kjeldahl technique for plant 
tissue. This was carried out at the South Dakota State Uni-
versity Soil Testing Laboratory. 
Analyses of variance were conducted separately for 
the non-replicated and replicated portions of the data to 
determine if significant differences in manure moisture and 
nitrogen exist between pastures and dates. The two data sets 
were then pooled and a polynomial regression was run to de-
teet if temporai patterns in these two parameters exist. 
RESULTS 
MOISTURE CONTENT OF MANURE 
The overall average moisture content for each of the 
three pastures was 86.1, 85.57 and 84.87 percent respective-
ly for Ahern's, Wick's and Wheeler's pasture. The weekly av-
erages for each pasture are given in Appendix I. 
Significant differences in moisture content exist 
between pastures and between dates. There was also a signif-
icant pasture-date interaction, indicating that the response 
of manure moisture to date of collection was strongly influ-
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enced by the pasture in which it was collected, ie. the re-
sponse of moisture content over time was not the same between 
pastures. Later in the season there was no significant dif-
ference in moisture content of cattle manure between pastures 
but there were significant differences between dates and no 
significant interaction. The mean square for replication was 
significant, indicating that there was variation in fecal 
moisture within a pasture (Table 1). The coefficient of var-
iation is lower for the replicated design than the non-rep-
licated design, 0.222% vs. 0.397%. This indicates that the 
replicated design accounts for slightly more variation than 
the unreplicated design. 
Percent moisture of the cattle manure was regressed 
against the date of manure collection expressed as the time 
in weeks after the cattle had been placed on the pasture. 
Since there was a significant pasture-date interaction, sep-
arate regressions were plotted for each pasture. The re-
gression equations are given in Table 2. 
The moisture content of cattle manure collected from 
Ahern's pasture is plotted in .Figure 1. Percent moisture was 
highest at the end of June, then declined slightly until 
September 22. After this, the decline was greater. 
Moisture content of cattle manure collected from 
Wick's pasture is plotted in Figure 2. Moisture content of 
the manure was highest in early June and midsummer, and was 
TABLE 1 SUW.1ARY OF ANALYSES OF VARIANCE FOR THE % MOISTURE 
AND NITROGEN CONTENT OF CATTLE MANURE COLLECTED 
FROM 3 PASTURES ALONG THE BIG SIOUX FLOOD PLAIN 
NON-REPLICATED DESIGN MOISTURE 
SOURCE DF MEAN SQUARE 
PASTURE 2 15.3370 * 
DATE 14 8.3060 * 
PASTURE x DATE 27 9.7262 * 
ERROR 176 .1169 
COEFFICIENT OF VARIATION .3974 % 
REPLICATED DESIGN MOISTURE 
SOURCE DF MEAN SQUARE 
PASTURE 2 .2817 
DATE 5 15.9766 
PASTURE x DATE 8 2.3654 
REPS 1 3.8001 
p X R 2 2.0150 
D X R 5 2.8267 
P X D X R 8 1.9163 
ERROR 64 .0359 
COEFFICIENT OF VARIATION .2222 
* = significant at the .05 level 
pastures and dates are f i xed effects 
reps are random effects 
* 
* 
* 
* 
* 
% 
NITROGEN 
MEAN SQUARE 
.02046 * 
.38069 * 
.02059 * 
.00340 
2.9836 % 
NITROGEN 
MEAN SQUARE 
.31126 * 
.16976 * 
.04273 * 
.00027 
.00632 * 
.02615 * 
.00479 * 
.00108 
1. 8097 % 
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TABLE 2 RESULTS OF REGRESSION ANALYSES OF CATTLE MANURE MOISTURE AND NITROGEN 
AGAINST THE NUMBER OF WEEKS CATTLE HAD BEEN ON PASTURE BEFORE MANURE 
COLLECTION (D) . 
DEPENDANT 
D2 D3 D4 PASTURE VARIABLE INTERCEPT D R-SQUARE 
AHERN'S MOISTURE 84.68 1.28029 -.23573 .01642 -.00038 .594 
NITROGEN 2.54 .11289 -.00067 .00083 ._. 00003 .747 
"'JICK' S MOISTURE 86.44 -.55824 .07566 -.00261 - .136 
NITROGEN 1.98 -.04018 .00288 .00008 -.00001 .487 
WHEELER'S MO I STURE 86.57 .47951 -.23326 .02427 -.00073 .254 
NITROGEN 3.56 -.80298 .11144 -.00572 .00010 .545 
N 
........ 
FIG. 1 MOISTURE CONTENT OF FRESHLY DEPOSITED CATTLE MANURE-AHERN'S PASTURE 1981 
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FIG. 2 MOISTURE CONTENT OF FRESHLY DEPOSITED CATTLE MANURE-WICK'S PASTURE 1981 
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lowest in late June-early July. There was also a tendency to 
decrease in the fall. 
A plot of manure quality over the season for Wheel-
er's pasture is in Figure 3. The observed values fluctuated 
quite a bit more than was seen for the other pastures. Mois-
ture content of the manure was highest in early June but did 
not rise again until later in August. The trends also indi-
cate that moisture was lowest in July and again · in late Sep-
t~r and early October. 
NITROGEN CONTENT OF ~_ANURE 
Feces collected from each of Ahern's, Wick's and 
Wheeler's pastures had average nitrogen values of 1.97, 1.81 
and 1.94 % respectively. Weekly averages for the nitrogen 
content of manure from each .pas ture are given in Appendix II. 
The analyses of variance for the non-replicated and rep-
licated designs are in Tab l e 1. Significant differences 
exist between pastures a nd dates and most importantly, the 
pasture-date interaction is significant. Results were simi-
lar with the replicated d e sign, however, in this case the 
mean square due to replication i s not significant, indicating 
that the variation in fecal nitrogen within a pasture is not 
an important source. The coefficient of variation is higher 
in the non-replicated design (2.984%) than for the replicat-
ed design (1.81%). This indicates that the replicated design 
accounts for slightly more variation than the- non-replicated 
FIG. 3 MOISTURE CONTENT OF FRESHLY DEPOSITED CATTLE MANURE-WHEELER'S PASTURE 1981 
90 
89 
:J> 
< 
M . 
o'P 88 I • ::s: 0 
~ 87 r - '"'- • c 
~ 86 
~ • 8 I • ~ z f-j 
trJ 85 
z 
f-j 
~ 84 
() 
::x> 
~ 83 t • • M 
~ 82 
z 
c 
~ 81 
80 
2 9 16 23 30 7 14 21 28 4 11 18 25 1 8 15 22 29 6 13 20 
JUNE JULY AUG SEPT OCT 
DATE OF MANURE COLLECTION 
l'V 
Vl 
26 
design. 
Results of the regression analyses of manure nitrogen 
are also presented in Table 2. Analyses were performed 
separately for each pasture due to the significant pasture-
date interaction. Mnaure nitrogen for Ahern's pasture is 
plotted in Figure 4. Nitrogen was highest in late spring and 
declined until July 21. It increased until August 4 and was 
of a medium range until the beginning of October, then de-
clined. 
Manure nitrogen from Wick's pasture are plotted in 
Figure 5. Again, nitrogen was highest in the spring, declin-
ed until early July and somewhat increased through August. 
after September 22 it declined again. 
In Wheeler's pasture the changes in manure nitrogen 
were more pronounced (Figure 6). Again, nitrogen started 
off at a high level in the late spring, was lowest on July 
7, and again increased until August 4, but to a higher level 
than with the other pastures. Aft~r August 25, nitrogen de-
clined slowly. 
DISSCUS SION 
Cattle manure from animals maintained on pastures is 
variable over time and differs between pastures. The trends 
in nitrogen content of manure were similiar to those report-
ed in Texas (Kunz 1980 ) and Australia (Greenharn 1972). One 
major difference was that the early and late peaks in nitro-
FIG. 4 TOTAL NITROGEN CONTENT OF FRESHLY DEPOSITED CATTLE MANURE-AHERN'S PASTURE 1981 
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FIG. 5 TOTAL NITROGEN CONTENT OF FRESHLY DEPOSITED CATTLE MANURE-WICK'S PASTURE 1981 
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FIG . 6 TOTAL NITROGEN CONTENT OF FRESHLY DEPOSITED CATTLE MANURE- WHEELER ' S PASTURE 1981 
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gen reported here were not as widely separated in time as 
those reported for warmer climates. In Texas, Kunz (1980) 
reports that peaks in manure nitrogen occured in early ~1ay 
and late September, while in Australia (Greenham 1972), 
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the peaks in nitrogen were separated by about three months. 
These changes in manure nitrogen were attributed to patterns 
of forage growth and maturity. 
The moisture content reported here was generally 
higher than those reported by Kunz (1980) and Greenham (1972). 
The percent moisture content of feces in the present study 
ranged from 80-89%, while others report a range of 75-80% 
(Church 1976). 
Time of collection of manure reflects the seasonal 
age of the pasture. It accounts for more of the variation in 
nitrogen than in moisture content as evidenced by the high-
erR-squares associated with nitrogen (Table 2). Moisture 
of cattle feces is largely a function of water intake but can 
be modified by such things as dry matter intake or ambient 
temperature (Church 1976). Dry matter content of forage 
grasses is high in the fall and may have accounted for the 
decline in fecal moisture content (Paquay et al. 1970). 
Thermal stress may have been responsible for the small de-
cline seen in mid-summer. Time accounts for little of . the 
variation in fecal moisture, indicating that factors other 
than the seasonal age of the pasture affect fecal moisture 
content. Since variability in fecal moisture existed within 
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a pasture, the animals themselves can influence fecal moist-
ure, perhaps more than forage quality. 
Nitrogen does correlate well with the seasonal age 
of the pasture. In ruminant feces, nitrogen can come from 
undigested portions of the diet such . as grass residues, 
bacteria, cellular debris, and water soluble nitrogen (Mason 
1969). Changes in the nitrogen content of the feces can be 
caused by changes in diet or changes in the bacterial flora 
or a combination of both. 
It has been shown that diet can influence fecal 
nitrogen in sheep (¢rskov et al. 1970). Although it is not 
entirely clear what exactly influences fecal nitrogen in 
cattle, reported trends in crude protein and in vitro digest-
ible dry matter of pasture grasses over a growing season re-
semble the patterns shown here for fecal nitrogen (Campbell 
and Dotzenko 1975, Newell and Moline 1978 and Church 1976). 
It is reasonable that forage quality may influence manure 
quality. 
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CHAPTER .3 
RELATIONSHIP BETWEEN BODY SIZE ·AND 
FECUNDIT? IN THE FACE FLY 
Insect ovaries are composed of a number of ovarioles 
in which the eggs are produced. Krebs (1978) defines fecund-
ity as an organism's potential ability to produce offspring. 
Generally one ovariole gives rise to a single egg during one 
gonadotrophic cycle in a female insect. Therefore, the num-
ber of ovarioles present provides a good estimate of the 
fecundity of that female. 
Body size and fecundity have been shown to be well 
correlated in a number of insects (Hinton 1981) especially 
among the Diptera (Moon 1980, Steinwascher 1982, Bennettova 
and Fraenkel 1981, Schmidt and Blume 1973, Tyndale-Biscoe 
and Hughes 1969). Once the relationship has been established 
for a particular insect, estimates of fecundity can be made 
without laborious dissecti o n s . 
MATERIALS AND METHODS 
Body size can be e s timated by a number of methods 
such as weighing the adults, we ighing the pupae, or by 
measuring head capsule widths. The age and amount of moisture 
in an adult fly will influence its weight. Freshly emerged 
pupal masses and head capsule widths are subject to less 
variation than weights of adult flies. Also, adult flies 
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were dissected and could therefore not be weighed accurately. 
Pupae of various sizes were reared by placing first 
instar larvae into varying amounts of manure (Bay et al. 
1970, Moon 1980). Pupae w~re weighed individually and placed 
into a container with food, water, and moist vermiculite. 
Two days after emergence the adult flies were killed, head 
capsules were measured with a Manostat Vernier Caliper, and 
the number of ovarioles present were counted. Constant tem-
peratures of 25°C were maintained using Sherer Growth 
Chambers. 
A number of individuals of a colony of diapausing 
wild flies collected in Mortimer's Cabin (Oakwood Lakes 
State Park) were returned to the laboratory where head cap-
sules were measured and the number of ovarioles determined. 
Multiple correlations were performed to detect the 
level that body size varies with the number of ovarioles. 
Cluster analyses were perf~edto determine what range in 
number of ovarioles was associated with a particular body 
size. 
RESULTS AND DISCUSSION 
In all cases, the number of ovarioles showed a pos-
itive correlation with body size (Table 3). Body size ex-
pressed as width of the head capsule accounted for 75.2% of 
the variation in the number of ovaribles in the wild flies 
collected. In lab reared flies, head width accounted for 
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82.2% of the variation in the number of ovarioles. Pupal 
weights in the laboratory reared flies accounted for a sim-
ilar amount of variation in the nun1ber of ovarioles. The 
range in head capsule width was smaller for the diapausing 
flies (Table 4) which was to be expected since these flies 
were collected only once from an isolated location. The 
range in number of ovarioles was also lower in the wild 
collection. The number of ovarioles present increased with 
increasing body size and this trend seemed to appear in both 
the diapausing and lab populations. Pupal weights and head 
capsule widths were not linearly related. As pupal weight 
increased past 22 mg., the head capsule widths increased at 
a slower rate than it did with lower pupal weights (Figure 
7) • 
There is a high correlation between body size and 
fecundity in the face fly. Numerous environmental factors 
have been shown to be related to body size, however, nutri-
ent availability seems to be the most important (Moon 1980, 
Bay et al. 1970, Bennettova and Fraenkel 1981). The ovarioles 
form in the early pupal stage and a small number of ovarioles 
seem to form in small pupae in "anticipation" of the smaller 
adult size (Bennettova and Fraenkel 1981). 
TABLE 3 RESULTS OF MULTILPLE CORRELATIONS OF NUMBER OF OVARIOLES AND MEASURES OF BODY 
SIZE IN LABORATORY REARED AND WILD CAUGHT FACE FLIES 
DEPENDANT INDEPENDANT 
R2 VARIABLE VARIABLES 
DIAPAUSING FLIES number of ovarioles head width and head width
2 .752 
SDSU COLONY FLI ES number of ovarioles head width and head width
2 .828 
number of ovarioles pupal weight and pupal weight
2 .817 
head width pupal weight and pupal weight
2 .962 
w 
Vl 
TABLE 4 MEAN BODY SIZE AND ASSOCIATED NUMBERS OF OVARIOLES 
FOR LABORATORY REARED AND \~ILD CAUGHT FACE FLIES 
DIAPAUSING 
FLIES 
SDSU 
FLIES 
HEAD WIDTH (nun. ) 
N MEAN 95% C.I. 
19 
23 
11 
5 
10 
19 
17 
1 
2.68 
2.81 
2.91 
2.00 
2.30 
2.66 
2.76 
2.92 
2.624-2.736 
2.789-2.831 
2.885-2.935 
1.945-2.055 
2.263-2.337 
2-. 611- 2 . 7 0 9 
2.737-2.783 
PUPAL ~·ffiiGHT (mg.) 
5 7.2 
10 10.4 
3 12.3 
9 22.8 
24 26.3 
1 32 
6.69- 7.71 
10.04-10.76 
11.24-13.36 
22.27-23.33 
25.49-27.11 
NO. OVARIOLES 
16~22 
24-30 
31-36 
7- 8 
9-10 
11-18 
20-27 
36 
7- 8 
9-10 
10-12 
12-17 
17-27 
36 
36 
FIG.7 THE RELATIONSHIP 
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CHAPTER 4 
RESPONSE OF A LABORATORY STRAIN OF THE FACE FLY TO 
SEASONAL CHANGES IN MANURE QUALITY 
38 
The face fly has been shown to be sensitive to 
changes in some organic components of cattle manure,par-
ticularly lactic acid produced by microbes in feces from 
animals receiving a high grain ration (D'Amato et a1. 1980, 
Meyer et al. 1978b). In view of the fact that face flies 
use cattle manure in pastures as a food source and habitat 
for oviposition and larval development, and since other dung 
breeding flies are sensitiv e to changes in the quality of 
pasture dropped manure (Kunz 1980, Greenham 1972), this 
study was performed to see if the face fly was sensitive to 
changes in the quality of freshly deposited manure. 
MATERIALS AND METHODS 
Manure was collected from three pastures on the Big 
Sioux Flood Plain in East-Central South Dakota, and the 
percent moisture and total nitrogen content was determined 
for the manure deposited on a g i ven date (see Chapter 1). 
The manure was then frozen for 96 hours to kill any insects 
that may have invaded it while it was on the ground. After 
thawing, the manure was used in a bioassay to determine the 
response of face flies to the manure over a season. 
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FACE FLY REARING PROCEDURES 
The eggs of Musca autumnalis used in the bioassays 
were obtained from a colony maintained at South Dakota State 
University. The stock colony was obtained from North Dakota 
State .University and i~ maintained using a modification of 
Fales et al. (1961) technique. Adult flies are kept in 1m. x 
1m.x 1m. wooden cages covered with fine nylon screen. Food 
is provided daily and consists of two parts dried non-fat 
milk, one part sugar, and one part pastuerized whole egg 
product. Water is provided in a .quart jar inverted over a 
sponge. When the adult fl i es are six days old, a nine cent-
imeter petri dish containing warmed cattle dung is placed 
in the cage for ovipositi on. The oviposition tray is left 
for a day, after which it is replaced with a fresh dish of 
manure. The oviposition trays containing eggs are placed in 
a larger tub of manure (43 x 34 x 5 em.) and larval develop-
ment is allowed to proceed. The larvae migrate out of the 
manure and pupate in a tray of vermiculite (83 x 67 x 8.5 
em.) placed underneath the manure tub. The pupae can then be 
easily sifted from the vermi c uli te with a fine screen and 
the insects placed ~nto a fresh cage to emerge as adults. 
The rearing room is kept at 25-30°C, and the flies are main-
tained under constant illumunation. 
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EGG INNOCULATION 
Since face flies oviposit by inserting their eggs 
vertically into cattle manure, it is difficult to estimate 
the number of eggs present without the use of a correction 
factor (Valiela 1969). Estimates of egg mortality are also 
difficult to obtain as estimates of egg hatch cannot be 
determined unless the number of hatched and unhatched eggs 
can be counted. Lodha et al. (1970b) placed eggs on moist 
filter paper to determine hatchability. A preliminary ex-
periment using South Dakota State University flies showed 
that eggs placed on moist filter paper on top of cattle ma-
nure and covered with an inverted petri dish gave the same 
recovery of first · instar larvae as did eggs inserted into 
the dung and left uncovered. Manure used in the bioassay 
was innoculated with 50 face fly eggs on filter paper and 
then the number that had hatched was determined after ·24 
hours. 
BIOASSAY TECHNIQUE 
Manure sair.ples of 250 grams from each of the weekly 
manure collections t aken from the three pastures were placed 
into 9 em. diameter paper _ cups. These were kept in larger, 
maggot-proof circular containers (15 em. diameter) which con-
tained sand for pupation. A 250 gram sample of manure was 
used to avoid excess dessication of the man~re (Bay et al. 
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1970). Five grams of manure was then provided for each lar-
va should all the eggs hatch. This was well above the 2 grams 
of manure per first instar larva threshold for competition 
given by Bay et al. (1970) or the 3.8 grams of manure/larva 
given by Moon (1980). Changes in mortality or size of face 
flies reared in these bioassays should not have been affect-
ed by competition and should have been due to manure quality. 
In the non-replicated design, ten subsamples of dung 
from each pasture-date collection were used. In the repli-
cated design, five samples of dung from each of the two rep-
lications of each pasture-date collection were used. 
Eggs were collected from the stock colony by placing 
gauze over the surface of the manure and covering the dish 
with a manure-water slurry which is left in the cage for two 
hours (Rummel and Turner 1970). When the oviposition dish 
was taken out of the cage and the gauze removed, the upper 
surface of the eggs could easily be seen. The eggs were re-
moved, washed and placed on filter paper which was transfer-
ed to the manure samples. The innoculated samples were kept 
at 25°c in a Sherer constant temperature cabinet. After 24 
hours, egg papers 'ere removed and the number of hatched 
and unhatched eggs counted with the aid of a dissecting 
microscope. After the surviving larvae had pupated, pupae 
were removed, weighed -and placed in covered petri dishes 
filled with moist vermiculite. Adult flies were allowed to 
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· emerge and the number of each sex as well as individual head 
capsule measurements were made. Calculations of percent 
mortality were performed using: 
stage mortality= # initially in one stage- # in next stage 
# initially in that stage 
Assuming that the number of hatched eggs is equal to the 
number of first instar larvae: 
% egg mortality= total eggs-hatched eggs x 100 total e9gs 
%- larval mortality = hatched eggs-pupae x 100 hatched eggs 
% pupal mortality = pupae - adults x 100 pupae 
The total pupal mass for each subsample was converted to an 
average pupal mass for each sample. 
Percentage data were transformed with an arc sin 
square root transformation, then analy2ed in an analysis of 
variance to determine if significant differences existed be-
tween pastures and dates for each of the egg, larval, and 
pupal mortalities, as well as for the average pupal mass. 
The sex ratios were analyzed separately for each pasture 
using a two-way chi-squared contingency test. Regression 
analyses were performed for stage mortaliy and body size 
over time. Stepwise multiple regressions (Maximum R2 Improve-
ment technique) of moisture and nitrogen against each est-
imation of stage mortality and body size were also perform-
ed. Transformed values were converted back to percentages 
before plotting them in graphs. These tests were performed 
to see if observed differences in stage mortality and body 
size could be accounted for by changes in manure quality. 
RESULTS 
EGG MORTALITY 
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Egg mortality of face flies reared in manure col-
lected from the three pastures averaged 40.13%, 44.07% and 
43.75% respectively for Ahern's, Wick's and Wheeler's pas-
tures. The observed averages for each date are give in 
Appendix III. Analy sis o f varia nce of the non-replicated 
design revealed that egg mortality was different between 
pastures and between dates . Also, the pasture-date interac-
tion was significant, indicating that egg mortality did not 
show the same reponse over time among pastures. In the 
replicated des i gn, significant di fferences in egg mortality 
was found only between dates. Re plications were not signifi-
cant indicating that fo r the latter part of the season, var-
iation in egg mortality from manure collected within a pas-
ture-date combination wa s not sign ificant. 
Curvilinear regressions o f egg mortality against the 
date of manure collection e xpressed as the number of weeks 
cattle had been placed on the pasture are in Table 6. The 
predicted and observed values for egg mortality over time 
are in Figures 8-10. 
Egg mortal i ty in manure collected from Ahern's pas-
TABLE 5 SUt.1MARY OF ANALYSES OF VARIANCE FOR THE LIFE HISTORY PARAHETERS OF FACE FLIES 
REARED IN MANURE COLLECTED FROM THREE PASTURES ALONG THE BIG SIOUX FLOOD 
PLAIN IN 1981 
NON-REPLICATED DESIGN EGG LARVAL PUPAL PUPAL 
SOURCE DF MORTALITY MS DF MORrrALITY HS DF MORTALITY MS DF MASS t-iS 
PASTURE 
DATE 
P X D 
ERROR 
2 240.30 * 
13 1018.72 * 
25 118.04 * 
359' 32.99 
COEFFICIENT OF VARIATION 13.36% 
2 349.23 
13 1117.23 * 
25 285.24 * 
359 136.68 
24.31% 
2 262.75 
13 1216.88 * 
25 573.85 * 
352 217.10 
69.11% 
2 206.99 * 
13 127.94 * 
25 50.45 * 
352 5.08 
9.80% 
REPLICATED DESIGN 
SOURCE 
EGG LARVAL PUPAL PUPAL 
DF MORTALITY MS DF MORTALITY MS DF MORTALITY MS DF HASS HS 
PASTURE 
DATE 
P X D 
REP 
P X R 
D x R 
P X D X R 
ERROR 
2 100.27 
5 1075.13 * 
8 107.97 
1 59.61 
2 48.92 
5 38.33 
8 45.51 
128 33.65 
COEFFICIENT OF VARIATION 16.86% 
* = significant at the .05 level 
pastures and dates are fixed effects 
reps ar~ random effects 
2 
5 
8 
1 
2 
5 
8 
128 
165.04 
893.73 
339.35 
10.93 
35.95 
228.51 * 
144.71 * 
66.11 
19.10% 
2· 
5 
8 
1 
2 
5 
8 
126 
3.30 
189.00 
430.25 
335.99 
213.44 
123.26 
137.89 
136.89 
57.67% 
2 14.42 * 
5 227.15 * 
8 26.76 * 
1 29.04 * 
2 15.24 * 
5 10.73 * 
8 7.41 * 
128 1.42 
6.08% 
~ 
~ 
TABLE 6 RESULTS OF REGRESSION ANALYSES OF FACE FLY LIFE HISTORY PARAMETERS AGAINST 
THE NUMBER OF WEEKS CATTLE HAD BEEN ON THE PASTURE BEFORE COLLECTION OF THE 
CATTLE MANURE (D) USED IN THE BIOASSAY 
DEPENDANT 
D2 D3 D4 PASTURE VARIABLE INTERCEPT D R-SQUARE 
~ 
AHERN'S ARCSINE(EGG MORTALITY} 2 34.92 1.03000 .03572 -.00506 - .298 
AVERAGE PUPAL MASS 27.90 -2.95140 .34261 -.01112 - .350 
HEAD CAPSULE WIDTH 2.75 .06689 .00820 .00028 - .249 
WICK'S 
~ 
ARCSINE(EGG MORTALITY} 2 38.57 -1.89825 .71835 -.05439 .0 0111 .355 
AVERAGE ~UPAL· MASS 20.62 .02315 .09101 -.00524 -.00001 .584 
HEAD CAPSULE WIDTH 2.54 .01519 .00039 -.00001 -.00008 .401 
~ 
WHEELER'S ARCSINE(EGG MORTALITY) 2 46.43 -.71974 -.04715 .01713 -.00 0 85 . 2 42 
AVERAGE PUPAL HASS 21.19 .55878 -.01146 -.00125 - .178 
HEAD CAPSULE WIDTH 
~ 
Ul 
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ture (Figure 8) started at about 35% in late spring and peak-
ed to nearly 70% in mid-August. Egg mortality then declined 
to about 20% towards the end of October. The R-square value 
of .298 (Table 6) indicates that approximately one-third of 
the variation in egg mortality can be accounted ~or over 
time. 
Egg mortality in manure collected from Wick's pas-
ture (Pigure 9) showed a similar trend. The initial value 
was under 30% in the late spring and reached almost 80% in 
mid-August, then declined to 20% towards the end of October. 
The R-square value for this regression is .353 (Table 6) 
which indicates that about one-third of the variation in egg 
mortality can be accounted for over time. 
Egg mortality in manure collected from Wheeler's pas-
ture showed a different trend than with the others (Figure 
10). Egg mortality ranged from 40-50% in the spring, andre-
mained higher than it was with the other pastures. Egg mor-
tal~ty declined to a value of about 20% in the fall. Only 
23% of the variation in egg mortality over time can be 
accounted for in this pasture (Table 6). 
Surrmaries of the stepwise multiple regressions of 
the measurements of manure quality, moisture and nitrogen, 
against egg mortality and pupal weight are in Table 7. Mois-
ture and nitrogen interact to influence egg mortality, and 
these account for 31.5 to 49.6% of the variation in egg mor-
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TABLE 7 SUrmARY OF STEPWISE MULTIPLE REGRESSIONS OF t~NURE NITROGEN AND MOISTURE 
AGAINST EGG MORTALITY AND PUPAL MASS OF THE FACE FLY REARED IN CATTLE MANURE 
COLLECTED FROM THREE PASTURES ALONG THE BIG SIOUX FLOOD PLAIN IN 1981 
ARCSINE(EGG MORTALITY)**~ PUPAL MASS(MG.) 
PAP.M1ETER P ARA1·1ETER 
R2 
PARAMETER PARM·1ETER 
R2 PASTURE ENTERED ESTIMATE ENTERED ESTIMATE --
AHERN'S H20**3 -.62857940 .168 N**3 64.27314 .151 
H20**2 161.14930841 .265 H20**3 -.14544 .289 
H20 13763.54447210 .321 H20**2 37.29277 .337 
N**3 -135.43249054 .324 N**2 -374.66300 .339 
N**2 794.61074486 .332 N 726.91561 .400 
N -1532.34575727 .362 H20 -3184.80913 .421 
INTERCEPT 392634.39 INTERCEPT 90136.33302 
WICK'S N**3 -335.21797328 .344 N**3 -72.39827 .265 
N**2 1799.52596835 .431 N**2 368.04276 .508 
N -3153.39204076 .481 H20 -2953.78593 .514 
H20 -65.41470697 .484 H20**2 34.66062 .643 
H20**2 .39245952 .496 H20**3 -.11852 .653 
INTERCEPT 4565.05058619 N -604.33472 .665 
INTERCEPT 74018.38003 
WHEELER'S H20 -21263.57817366 .006 NO RELATIONSHIP OBSERVED 
II20**2 247.86427462 .145 
N -121.30295770 .150 
N**2 34.28673099 .283 
H20**3 -.96285049 .315 
INTERCEPT 608053.97198101 
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tality. Contour plots were made to show where maximal and 
minimal egg mortality occurred in each pasture. 
On manure collected from Ahern's pasture (Figure 11), 
egg mortality was lowest at nitrogen values between 1.65 -
1.85% and moisture values between 83.5- 84%. The minimal 
predicted values of egg mortality were 14.7- 16.6%. Egg 
mortality was maximal at 2.05 - 2.25% nitrogen and 87 - 88% 
moisture. The predicted values here were 55.3 - 60.4% mor-
tality. 
In manure from Wick's pasture {Figure 12), minimal 
mortality, 19.8 - 22.2%, occurred at low nitrogen levels, 
1.5 - 1.6% and at moisture values from 81.3 - 85.3%. Maximal 
egg mortality exceeded 60% and occurred at nitrogen values 
from 1.95 - 2.2% and moisture values of greater than 86% or 
less than 81%. 
In manure from Wheeler's pasture, {Figure 13), min-
imal egg mortality of 28.4 - 30.0% occurred at 1.6 - 2.0% 
nitrogen, slightly higher than in the other pastures, and 
also at moisture ranging between 84 - 85%. Egg mortality in-
creased outside of this range of values. 
In general, it seems that at low or moderate nitro-
gen levels, egg mortality was minimal. As nitrogen and 
moisture values increased, egg mortality also increased, as 
found in Ahern's and Wick's pastures. In Wheeler's pasture, 
egg mortality increased outside the range of the optimal 
values. 
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J::GG MORTALITY RESPONSE TO NITROGEN AND ~10ISTURE OF CATTLE MANURE 
COLLECTED FROt1 AHERN'S PASTURE ON THE BIG SIOUX FLOOD PLAIN 1981 
CONTOURS ARE EGG MORTALITY 
84 85 86 87 88 89 
% l10ISTURE OF CATTLE MANURE 
SYMBOL % EGG MORTALITY 
A 
B 
c 
D 
E 
F 
G 
H 
I 
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14.7-16.6 
16.6-20.6 
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25.0-29.7 
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44.8-50.0 
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55.3-60.4 
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F'IG. 12 ~G MORTALITY RESPONSE TO NITROGEN AND MOISTURE OF CATTLE MANURE 
COLLECTED F'ROM WICK'S PASf URE ON THE BIG SIOUX FLOOD PLAIN 1981 
CONTOURS ARE EX;G MORTALITY 
2.2- SYMBOL 
G 
2.1 A 
B 
H c 
2.0 D 
E 
G F' 
1.9 G 
F H 
I 
1.8 E J 
D 
1.7 1- I c 
I I 
-----------
B 
1.6 
I I / A 
1.5 
h I 
81 82 8J 84 85 86 87 88 
% MOISTURE CONTENT OF CATILE MANURE 
~ FX:;G ~10RTALITY 
19.8-22.2 
22.2-27.2 
27.2-32.4 
32.4-37.9 
37.9-43.6 
43.6-49.3 
49.3-54.9 
54.9-60.6 
60.6-66.1 
66.1-68.9 
Vl 
w 
Ofl 
.....,.. 
....... 
H 
>--3 
e5 
GJ 
M z 
() 
~ 
1--:J 
M 
z 
>--3 
0 
1-rj 
() 
::x> 
>--3 
>--3 
Li 
M 
3:: 
::x> z 
c 
~ 
2.J 
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LARVAL AND PUPAL MORTALITY 
The analyses of variance for larval and pupal mortal-
ity are in Table 5. Significant differences exist between 
dates and there is a significant pasture-date interaction. 
The observed means are given in Appendices IV-V, ·respective-
ly. Larval mortality averaged 53.56, 51.78 and 50.97% re-
spectively for each of Ahern's, Wick's, and Wheeler's pas-
tures. Pupal mortality averaged 19.18, 15.7l and l5.76% 
respectively for Ahern's, Wick's, and Wheeler's pastures. 
No trends over time could be found, nor could any r~lation­
ship between these and manure quality be found. 
PUPAL MASS 
The average pupal mass of face flies reared in ma-
nure collected from each pasture is given in Appendix VI. 
Pupal mass averaged 21.2, 2l.9 and 23.2 mg. for Ahern's, 
Wick's, and Wheeler's pastures respectively. Significant 
differences between pastures and dates and a significant 
pasture-date interaction are found in the analyses of var-
iance {Table 5). Also, in the replicated design~ the mean 
square due to replication is significant, indicating that 
variation in pupal · masses occurred within a pasture. The 
coefficient of variation is also lower for the replicated 
design. The results of polynomial regression of pupal mass 
against the number of weeks the cattle had been on pasture 
before manure collection are in Table 6. 
Pupal mass over time for pupae reared in manure 
collected from Ahern's pasture are plotted in Figure l4. 
Pupal mass was high in the spring, then declined over the 
early summer, and increased again through mid-August and 
early September. Pupal we i ght then declined abruptly from 
m-id-September on. 
56 
Pupal mass of face flies reared in manure collected 
from Wick's pasture are plotted in Figure 15. In this case, 
pupal mass was lower, star ting at 20 mg. in the spring and 
increased over the season reaching a peak in early August, 
then declined slowly until early September. From mid-Sep-
tember to October t he - decline was abrupt. 
A similar trend was seen with pupae reared in manure 
from Wheeler's pasture (F igure 16). Pupal masses were high 
between July 28 and September 8 and then declined through 
October. 
The stepwise mul tiple regressions of moisture and 
nitrogen on pupal mass a re in Table 7. Moisture and nitro-
gen accounted for 42.1% of the variation in pupal mass for 
Ahern's pasture and 65.3 % o f the variation in pupal mass for 
Wick's pasture. No significant relationship could be found 
for pupae reared in manure colle cted from Wheeler's pasture. 
Contour plots of the relationship between pupal mass 
and manure moisture and nitrogen are in Figures 17 and 18. 

FIG . 15 AVERAGE PUPAL MASS OF FACE FLIES REARED IN ~1ANURE COLLECTED FROM WICK ' S PASTURE 
ON THE BI G SIOUX FLOOD PLAIN DURING 1981 
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Minimal pupal masses from manure collected from Ahern's pas-
ture (Figure 17) occurred in manure which had less than l.68% 
. nitrogen and 83.5- 84% moisture. Pupal masses from this 
range of nitrogen and moisture values ranged from l4.7- 15.6 
mg. (Figure 17). Maximum pupal masses ranged from -23.9- 29.7 
mg. and were found in manure with nitrogen values greater 
than 2.35% and moisture values between 87 and 88.5%. 
}1inimal pupal masses were produced in manure from 
Wick's pasture which had nitrogen values less than 1.6% and 
moisture ranging from 81.5 to 83.75% (Figure 18). The pupal 
masses were in the range of 13.3 - 14.4 mg. Maximum pupal mass-
es, 28.6 - 29.4 mg. were produced in manure with nitrogen 
ranging from 1.8 - 2.15% and moisture greater than 87%. In 
general, low moisture (82- 84%) and low nitrogen (1.7% or 
less) produce smaller pupae than can be expected to be pro-
duced in manure with higher nitrogen (2.0% or greater) and 
higher moisture (87% or greater). 
HEAD CAPSULE WIDTHS 
The observed head capsule widths of flies reared in 
manure collected over the season are in Figures 19 and 20 
for Ahern's and Wick's pastures respectively. These follow 
the same trends over time as seen with pupal masses. For 
Ahern's pasture, (Figure 19) head widths were lower in· late 
June and early July, and higher in mid-August and September. 
Head capsule widths decreased from late September to October. 
2. L~ 5 
o\O 2.35 
z 
H 
1-3 2.25 ~ 
0 
GJ 
M 
z 
(') 2.15 
0 z 
1-3 
M z 2.05 
t-3 . 
0 
h-1 
() 1.95 
~ 
1-3 
1-3 
L' 
M 1.85 
8:: 
~ 
z 
c 
~ 1.75 
1.65 
FIG. 17 PUPAL MASS RESPONSE TO MOISTURE AND NITROGEN OF CATTLE MANURE COLLECTED FROM AHERN'S 
PASTURE ON THE BIG SIOUX FLOOD PLAIN 1981 
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FIG. 18 PUPAL MASS RESPONSE TO NITROGEN AND MOISTURE CONTENT OF CATTLE MANURE COLLECTED 
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Head capsule widt hs were highest in flies emerging 
from manure collected in Wick's pasture in early August. No 
trend was seen over time for the head widths of flies rear-
ed in manure collected i n Wheeler's pasture . . The R-square 
values for the regression analyses involving pupal mass over 
time are .350 , .583 and .177 for Ahern's, Wick's and Wheel-
er's pastures respectively (Table 6). These R-square values 
are higher than those observed for head capsule widths over 
time. The R-square for the regression analyses of head cap-
sule widths over time are .249 and .401 for Ahern's and 
Wick's pastures respective ly (Table 6). These values are 
probably lower than those seen with pupal masses since they 
were measured for individual flies within a subsample while 
pupal masses were measured as an average value for each sub-
sample and would therefore have· a lower variance. The lack 
of a relationship wi th head c apsule widths over time for the 
Wheeler pasture may be a reflection of the high individual 
variability. 
Multiple regress i o n s of nitrogen and moisture levels 
in manure against head c a psule width of emerging flies show 
that these parameters accounted for 24.3 and 46.8% of the 
variation in head capsule widths for Ahern's and Wick's pas-
tures respectively (Table 8). Again, these values were lower 
than for pupal masses (.Table 7) probably for the reason giv-
en above. However, the relationships between manure nitrogen 
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'!'ABLE 8 SUivlHARY OF STEPWISE MULTIPLE REGRESSIONS OF MANURE 
MOISTURE AND NITROGEN AGAINST HEAD CAPSULE WIDTH OF 
FACE FLIES REARED IN MANURE COLLECTED FROM TWO PAS-
TURES ON THE BIG SIOUX FLOOD PLAIN IN 1981. (MM.) 
AHERN'S PASTURE WICK'S PASTURE R-SQUARE 
PASTURE PARAMETER ENTERED PARAHETER ESTI.MATE AFTER ENTRY 
AHERN'S H20**3 -.00516089 .138 
H20**2 1.32048800 .175 
H20 -112.54179401 .181 
N**2 5.44659470 .238 
N**3 -.90954687 .239 
N -10.51997769 .243 
INTERCEPT 3204.02934585 
WICK'S N**2 -.83616092 .330 
H20 -76.51985256 .355 
N 3.54535935 .426 
H20**2 .89776354 .460 
H20**3 .oo350746 .468 
INTERCEPT 2170.73216538 
67 
and moisture and head capsule widths are essentially the 
same (Figures 21 and 22) as were seen with pupal mass. 
Small flies were produced in manure from Ahern's pas-
ture with nitrogen less than 1.78% and moisture less than 
84.0%, while larger flies were produced in manure with nitro-
gen values greater than 2.25% and with moisture in the range 
of 86.5- 88.5%. In manure from Wick's pasture, small flies 
were produced in manure with 81.5 - 83.5 %moisture and 
nitrogen less than 1.55%. Larger flies can be expected to 
emerge from manure with greater than 86.5% or less than 80.5% 
moisture and nitrogen greater than 1.9%. 
SEX RATIO OF EMERGING ADULT FLIES 
Sex ratio was contingent upon time only in Ahern's 
2 pasture (X =36.58l,prob~=.0089). The overall proportion of 
males was .511, however, no particular pattern was observed 
over time. In the other two pastures, sex ratio was not con-
tingent over time and was roughly equal to .5. It does not 
appear that manure qual i ty influences the sex ratio of emerg-
ing flies (Figure 23). 
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RESPONSE TO MOISTURE AND NITROGEN OF CATTLE MANURE COLLECTED FROM AHERN ' S 
THE BIG SIOUX FLOOD PLAIN 1981 
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DISCUSSION 
Even though the values for egg mortality reported 
here are somewhat higher than those reported by Wang (1964), 
the values are reasonably close to those reported by Lodha 
et al. (197Gb). Variability in the South Dakota data was also 
higher than was reported by both investigators. They dealt 
with manure that was collected .from confined livestock fed 
a standard diet, and one would expect rnariure from these ani-
mals to show less variability than manure collected from pas-
turing animals. As egg mortality seems to be affected by 
manure quality, one would expect these workers to report 
less variability in egg mortality. 
Variations in egg mortality may be related to the 
nitrogen and moisture contents of manure. Respiration in the 
face fly egg occurs via the respiratory horn which projects 
above the surface of the cattle manure, and also through the 
area of the chorion between the hatching lines (Hinton 1960). 
The respiratory surfaces are normally not in contact with the 
manure, but if this occurs, the respiratory areas of the egg 
may break down and oxygen flow into the egg may be inter-
rupted. These eggs respire through a plastron which is com-
posed of layers of gas interspersed between the structural 
meshwork of the respiratory surfaces of the egg. If oxygen 
pressures of the environment are lower than inside the egg, 
oxygen will move out of the egg (Binton 1969). Since the ad-
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dition of dissolved organic matter to an aquatic environment 
will lower its oxygen and surface tension (Chapman 1971), the 
level of organic matter in the manure, nitrogen included, may 
cause wetting of the esg surface,and flow of oxygen out of 
the egg might then occur. This is worth further study as 
there does seem to be ranges of moisture and nitrogen which 
provide an optimum for hatching. 
One possible source of error may be a result of the 
method used to innoculaie manure with eggs. The filter papers 
absorbed appreciable amounts of material from the manure, 
but is is also likely that the filter papers acted to buffer 
the effects of the manure on the eggs. Since the fly's habit 
of ovipositing bi inserting the eggs directly into the rna~ 
nure makes counts of egg hatch diffiqult to obtain, an unbi-
ased look at the effects of manure on egg hatch may also be 
difficult to obtain. 
Valiela (1969) reports that the moisture content of 
manure has little effect on larval mortality of the face fly 
since moisture levels of manure fall within a narrow range. 
This does appear to be true, however, moisture can act to in-
fluence the larvae in other ways. For example, Bay et al. 
(1969) found that face fly pupae reared in manure with a 
moisture content of 85% weighed 27.8 mg. and were heavier 
than those reared at other moisture levels. The results here 
agree with this, but suggest that as with the horn fly 
($unz 1980) and the bush fly (Greenham 1972), nitrogen also 
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plays a significant role in determining the size of pupae and 
adults. Fecal nitrogen can be either undigested food or 6f a 
non-dietary source. The majority of non-di~tary nitrogen in 
sheep feces is bacterial in origin (Mason 1969), which are 
what saprophagous Diptera larvae are believed to feed on. The 
Kjelldahl technique was used to determine total nitrogen and 
does not separate dietary from bacterial nitrogen. A better 
relationship between pupal mass and nitrogen could perhaps 
be obtained by determining the food preferences of the face 
fly larvae ie., determini ng bacterial populations or bacter-
ial nitrogen.Kunz (1980) feels that the relationship between 
manure nitrogen and pupal mass observed with horn flies could 
be due to either -changes in the nitrogen itself, or due to 
changes in microflora caused by manure quality. Even though 
D'Amato et al. (1980) found a relationship between popula-
tions of microflora and the production of face flies in ma-
nure from grain-fed an i mals, there is little evidence to 
suggest that microbia l changes occur in manure from grass-
fed livestock. Further work is needed in this area. Nitro-
gen and moisture do seem to influence the size that flies 
will attain, which probably ref lects the nutrient and mois-
ture status of t h e manure. He ad capsule width follows the 
same trends as seen with the pupae and most likely for the 
same reasons. 
The increase in size of flies produced in manure 
deposited in August and September could be _ important in terms 
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of subsequent fly populations. Altho.ugh large and small 
flies will enter diapause with equal frequency (Moon, pers. 
comm.)and there seems to be no size-dependant mortality over 
the winter (X~afsur 1982), body size can be related to fecun-
dity (Moon 1980). Larger flies that overwinter should produce 
more eggs in the s9ring when reproduction is critical, and 
the fluctuations in the environ~ent are greater than in sum-
mer. The face flies response to temporal changes in manure 
quality provides evidence that these flies are well adapted 
to their environment. 
Although the response to manure quality over time is 
not identical between pastures, they are similar. Differences 
in these responses may be due to other constituents of the 
manure and associated environment which were not measured in 
this study. Nitrogen and moisture do not account for all of 
the variation in egg mortality or body size, which indicates 
that other parameters could be important. The lack of a re-
sponse of body size to the manure at Wheeler's pasture can 
not be fully explained, but may have something ·to do with 
the fact that Wheeler's pasture had not been grazed previous-
ly while the other pastures had been grazed for a number of 
years. Other chemi cal or biotic influences have been shown 
to inhibit growth of larval M. auturnnalis (D'Anato et al. 
1980, Dahlman et al. 1979, Fairbrother et al. 1981, Hower, 
Jr. and Cheng 1968, Yendol and Miller 1967). Some of these 
factors may have been present in this study- but were not 
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measured. 
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SUMMARY 
Cattle manure collected from cool-season pastures 
during the su~mer of l981 showed fairly predictable trends 
over time in total nitrogen content and less predictable 
trends over time in moisture content. The changes in nitro-
gen content appear to follow reported trends in forage qual-
ity, particularily in vitro digestibility. 
Egg mortality, pupar mass, and head capsule width 
were most influenced by changes in manure quality. These 
also followed seasonal patterns, and in general, egg mortal-
ity was highest in manure collected in August. Pupal masses 
and head capsule widths were also highest in manure collecte¢ 
in mid-August to early September, most likely in response to 
manure quality. This could be important in producing large 
flies to overwinter. 
The observed responses of the face fly were similar 
but not identical between pastures. As one pasture was fresh-
ly grazed and flies reared in manure collected from this 
pasture did not respond well to manure quality in terms of 
body size, The manure p roduc e d may have been influenced by 
some factor in t h e forage, suc h as lignin, which was not 
measured. Hence, there is an inability in this study to 
account for the face fly's changes in body size observed in 
flies reared in manure collected from this site. 
The importance of this work is largely empirical. 
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Since body size and fecundity are related, and since body 
size is affected by manure quality, one could expect the 
fecundity of flies to change over a season. This is impor-
tant in terms of modeling face fly populations, as mortality 
and reproduction are the most important parameters to be 
considered in a population model. The results here indicate 
that changes in manure quality are important to the face fly 
and should not be overlooked when constructing predictive 
population models. With more information on the biology of 
the face fly and improved sampling techniques, it may be 
possible to develope population models that will predict 
insect outbreaks and improve control efforts. 
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APPENDIX I % HOISTURE CONTENT OF CATTLE MANURE COLLECTED IN 
3 PASTURES ALONG THE BIG SIOUX FLOOD PLAIN IN 1981 
DATE OF AHERN'S ~'liCK Is ~7HEE.LER I s 
MANURE PASTURE PASTURE PASTURE 
COLLECTION N MEAN S.E. N MEAN S.E. N MEAN s.~. 
JUNE 2 5 88.98 .28 5 85.08 .10 -- --
JUNE 9 5 85.24 .02 5 85.54 .21 5 . 86. 4 8 .02 
JUNE 16 5 87.06 .02 5 87.50 .07 5 87.72 .lQ 
JUNE 23 5 89.04 .04 5 86.68 .06 5 85.30 .31 
JUNE 30 5 86 . 20 .06 5 85.56 .04 5 87.32 .09 
JULY 7 5 87.12 .07 5 80.28 .19 5 86.04 .24 
JULY 14 5 86.54 .05 5 85.26 .09 5 83.02 .34 
JULY 21 5 85.92 .04 5 85.64 .02 5 86.20 .03 
JULY 28 5 86.56 . 12 5 8 6. 14 . .04 5 85.60 .05 
AUG 4 5 85.44 .05 5 86.64 .07 5 85.76 .04 
AUG 11 5 86.40 . 41 5 87.00 .15 5 82.80 .54 
AUG 18 5 87.52 .06 5 86.62 .04 5 85.52 .04 
AUG 25 5 86.34 .15 5 85.70 .15 5 86.16 .07 
SEPT 1 5 86.70 .10 5 86.82 .04 5 86.36 .06 
SEPT 8 5 86.10 .09 5 85.18 .30 5 86.28 . 0 7 . 
SEPT 15 6 86.27 .05 6 86.80 .04 6 85.55 .19 
SEPT 22 6 86.57 .05 6 85.77 .02 6 86.22 .14 
SEPT 29 6 85.82 .11 6 86.43 .13 6 85.75 .44 
OCT 6 6 85.43 .19 6 83.45 .83 6 84 . 90 .28 
OCT 13 6 84.28 . 0 5 6 84.50 .54 
OCT 20 6 83.63 .41 6 84.78 .14 -- --
TOTAL 111 86.10 . 11 111 85.57 .15 95 84.87 .88 
87 
APPENDIX II % NITROGEN CONTENT OF CATTLE MANURE COLLECTED IN 
3 PASTURES ALONG THE BIG SIOUX FLOOD PLAIN IN 1981 
DATE OF AHERN'S v-liCK' s WHEELER'S 
t-1.ANURE PASTURE PASTURE PASTURE 
COLLECTION N r.lEAN S. E ... N MEAN S.E. N MEAN S.E. 
JUNE 2 5 2 . 42 .OS 5 2.42 .03 
JUNE 9 5 2.25 .01 5 2.17 .09 5 2.18 .01 
JUNE 16 5 2.23 .. 02 5 · 2.00 .02 5 2.19 .04 
JUNE 23 5 2.20 .01 5 1.84 .01 5 1.86 .06 
JUNE 30 5 2.17 ~02 5 1.74 .01 5 2.01 .02 
JULY 7 5 1.94 .01 5 1 . 84 .02 5 1.33 .04 
JULY 11 14 5 1.95 .01 5 1.81 .02 5 1.41 .03 
JULY 21 5 1.71 .01 5 1.81 .01 5 1.68 .02 
JULY 28 5 1.76 .02 5 1.78 .01 5 1.77 .01 
AUG 4 5 1.98 .02 5 1.87 .01 5 2.22 .02 
AUG 11 5 1.95 .04 5 1.89 .01 5 1.85 .04 
AUG 18 5 2.01 . 02 5 2.01 .01 5 2.20 .02 
AUG 25 5 1.95 .01 5 1.80 .01 5 2.21 .01 
SEPT 1 5 1.99 .02 5 1.86 .01 5 2.14 .01 
SEPT 8 5 1 .. 85 .01 5 1.91 .02 5 2.11 .02 
SEPT 15 6 1.88 .01 6 1.87 .03 6 1.95 .01 
SEPT 22 6 1.94 .01 6 1.87 .01 6 1.99 .01 
SEPT 29 6 2.00 .02 6 1.68 .02 6 1.96 .01 
OCT 6 6 1.93 .02 6 -1.52 .02 6 1.79 .01 
OCT 13 6 1.84 .01 6 1.66 .02 
OCT 20 6 1.65 .06 6 1.52 .02 
TOTAL 111 1.97 .02 111 1.81 .02 95 1.94 .01 
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APPENDIX III % EGG MORTALITY OF FACE FLY EGGS IN MANURE FROM 
3 PASTURES ALONG THE BIG SIOUX FLOOD PLAIN 
DATE OF AHERN'S WICK ' S vlHEELER' s 
HANURE PASTURE PASTURE PASTURE 
COLLECTION N MEAN S.E. N HEAN S.E. N MEAN S . E. 
JUNE 2 10 36.25 3 .. 00 10 28.77 1 . 80 - - --
JUNE 9 10 34 . 82 2.67 10 50.40 3.00 lO . 5.1 . 52 3 . 33 
JUNE 16 -- -- -- -- -- --
JUNE 23 10 35 . 40 1. 33 ' 5 36.31 2. 3 7 5 4 3 .16 2 .85 
JUNE 30 10 50.54 2.17 10 40.03 3.20 10 48.74 2 . 52 
JULY 7 10 46.52 3.34 10 50.91 3.93 10 50.70 2 . 09 
JULY 14 10 44.79 3.54 10 47.44 3.75 10 52.41 3 . 48 
JULY 21 10 36.12 3.33 .10 44.77 2.29 10 40.66 3.22 
JULY 28 10 43.47 2.44 10 42.21 2.79 10 35 . 92 3.90 
AUG 4 10 36.59 2.60 10 54.33 8.32 10 42.75 3.60 
AUG 11 10 66.45 2.78 10 77.14 1.72 10 58.83 5.29 
AUG 18 10 69.44 3.21 10 71.61 3.24 10 58.70 3.52 
AUG 25 10 33.61 1.79 10 37.70 3.50 10 42.99 2.65 
SEPT 1 10 37.05 3.35 10 38.47 2.29 10 38 . 81 3.27 
SEPT 8 10 43.24 4.29 10 56.34 2.12 10 45.25 2.34 . 
SEPT 15 10 39 ·. 97 3.34 10 39.02 3.50 10 27.59 2 . 09 
SEPT 22 10 35.70 2.63 10 49.08 2.86 10 47.55 2.76 
SEPT 29 10 44.83 3~19 10 41.11 4.98 10 38.38 3.28 
OCT 6 10 23.93 2.55 10 18.68 1.33 10 19.53 1.72 
OCT 13 10 23.34 2.42 10 31.79 2.98 
OCT 20 10 20.55 2.44 10 21.35 1.12 -- --
TOTAL 200 40.13 1.06 195 44.07 1.20 165 43.75 1.07 
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APPENDIX IV % LARVAL MORTALITY OF FACE FLIES REARED IN MANURE 
COLLECTED FROM 3 PASTURES ALONG THE BIG SIOUX 
FLOOD PLAIN IN 1981 
DATE OF AHERN'S WICK'S WHEELER'S 
MANURE PASTURE PASTURE PASTURE 
COLLECTION N MEAN S.E. N . MEAN S.E. N MEAN S.E. 
JUNE 2 10 33.22 4.1 10 47.51 3.5 -- --
JUNE 9 10 70.46 5. 5 10 52.74 8.0 10 50.96 7.9 
JUNE 16 -- -- -- -- -- --
JUNE 23 10 55.16 5.3 5 57.25 5.9 5 43.73 8.5 
JUNE 30 10 64.18 6.5 10 59.03 4.7 10 50.63 4.3 
JULY 7 10 62.15 . 4. 2 10 41.68 5.8 10 44.13 8.5 
JULY 14 1 .0 67.76 8.0 10 72.79 6.1 10 69.46 8.5 
JULY 21 10 75.01 4.5 10 49.55 7.4 10 50.89 7.0 
JULY 28 10 42.73 2.2 10 42.56 2.9 10 38.32 3.2 
AUG 4 10 42.33 4.5 10 52.73 3.1 10 59.03 10.3 
AUG 11 10 80.21 4.0 10 59.97 7.7 10 60.88 8.2 
AUG 18 10 71.08 3. 2 . 10 61.16 5.2 10 77.53 3.5 
AUG 25 10 44.17 5.0 10 50.06 3. 8 10 56.06 3.8 
SEPT 1 10 45.88 2.9 10 37.89 4. 8 10 50.59 4.9 
SEPT 8 10 42.57 3.1 10 57.14 4.3 10 44.03 5.6 
SEPT 15 10 47.48 5.9 10 41.82 4.3 10 28.37 3.0 
SEPT 22 10 54.86 3.5 10 9.9.48 3.6 10 60.69 4.3 
SEPT 29 10 36.83 3.2 10 60.99 5.8 10 33.97 . 4.3 
OCT 6 10 36.51 3.3 10 28.81 4.8 10 43.07 5.6 
OCT 13 10 44.21 4.6 10 47.26 5.1 
OCT 20 10 53.87 5.0 10 48.64 3.3 -- --
TOTAL 200 53.56 1.4 195 51.78 1.3 165 50.97 1.7 
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APPENDIX v % PUPAL HORTALITY OF FACE FLIES REARED IN CATTLE 
MANURE COLLECTED FROM THREE PASTURES ALONG THE 
BIG SIOUX FLOOD PLAIN IN 1981 
DATE OF AHERN'S WICK'S ~vHEELER' S 
MANURE PASTURE PASTURE PASTURE 
COLLECTION N MEAN S.E. N . MEAN S.E. N MEAN S.E. 
JUNE 2 10 40.03 2.9 10 16.35 2.5 -- --
JUNE 9 10 27.33 6.4 10 26.16 3.0 10 18.34 3.8 
JUNE 16 -- -- -- -- -- --
JUNE 23 10 15.19 2.9 5 39.12 7.3 5 18.85 5.8 
JUNE 30 10 60.28 7.9 10 13.25 3.7 lO 15.96 3.4 
JULY 7 10 16.98 3.8 10 9.03 2.5 10 3.91 1.4 
JULY 14 10 17.95 6.5 .10 16.22 9.8 10 33.72 11.4 
JULY 21 10 30.51 9.3 10 20.61 5.7 10 24.84 7.4 
JULY 28 10 8.37 2.4 10 13.14 2.7 10 12.5l 2.3 
AUG 4 10 19.16 2.3 10 17.80 3.5 10 23.91 5.2 
AUG 11 10 12.29 5.3 10 13.67 6.5 10 9.89 3.5 
AUG 18 10 6.43 5.0 10 12.80 5.6 10 21.54 10.9 
AUG 25 10 15.55 3.0 10 8.30 2.0 10 11.27 3.2 
SEPT 1 10 6.16 1.9 10 14.10 3.0 10 12.14 3.1 
SEPT 8 10 8.55 2.3 10 9.40 4.3 10 10.23 3.6 
SEPT 15 10 16.81 6.9 10 8.32 2.3 10 11.39 2. 8 
SEPT 22 10 14.21 5.0 10 16.51 3.2 10 12.53 3.6 
SEPT 29 10 15.12 4.3 8 12.15 4.6 10 11.58 3.4 
OCT 6 10 5.86 1.8 10 27.66 4.5 10 16.48 4.7 
OCT 13 10 26.71 5.5 10 8.31 1.9 
OCT 20 10 18.85 4.0 10 22.98 4.6 -- --
TOTAL 200 19.18 1.4 193 15.71 1.1 165 15.76 1.4 
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APPENDIX VI AVERAGE PUPAL ~~SS OF FACE FLIES REARED IN MAN-
URE COLLECTED FROM THREE PASTURES ALONG THE BIG 
SIOUX FLOOD PLAIN DURING 1981 (IN MG.) 
DATE OF AHERN'S ~viCK' s WHEELER'S 
!vlANURE PASTURE PASTURE PASTURE 
COLLECTION N HEAN S.E. N MEAN S.E. N HEAN S.E. 
JUNE 2 10 29 . 35 .2 7 10 20.11 .41 . -- --
JUNE 9 10 17 . 55 .95 9 21.17 .13 . 10 20.55 :77 
JUNE 16 -- -- -~ -- -- --
JUNE 23 10 22.12 .63 5 25.85 1.08 5 26.24 1.94 
JUNE 30 10 1 7 .24 1.25 10 21.29 .33 10 23.31 .47 
JULY 7 10 24.64 . 69 10 25.55 .30 10 26.51 .47 
JULY 14 10 21 . 99 .67 10 19.98 .50 10 21.87 1.06 
JULY 21 1 0 15.71 . 68 10 22.24 1.67 10 20.75 1.06 
JULY 28 10 22.03 .40 10 23.01 .44 10 24.10 .26 
AUG 4 1 0 22 . 66 . 3 7 10 28.08 .90 10 24.89 4.96 
AUG 11 8 21.19 . 39 10 25.18 1.26 10 27.17 .78 
AUG 18 10 22.84 .47 9 25.90 .89 10 22.37 .71 
AUG 25 10 26 . 57 .45 10 23.59 .28 10 25.05 .66 
SEPT 1 10 22.41 .29 10 25.07 .35 10 24.39 .40 
SEPT 8 10 20.25 .. 57 10 22.29 .29 10 23.09 .21 
SEPT 15 10 20.95 .44 10 23.78 .53 10 22.87 .40 
SEPT 22 10 23.76 .86 10 21.24 .57 10 20.97 .27 
SEPT 29 10 22 . 03 .3 2 10 21.45 .39 10 22.81 .41 
OCT 6 10 19.99 .4 1 10 15.71 .71 10 19.50 .66 
OCT 13 10 14.08 .24 10 15.39 .46 
OCT 20 10 15.59 . 53 10 13.21 .43 -- --
TOTAL 198 21.15 .29 193 21.89 .31 162 23.17 .22 
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APPENDIX VII HEAD CAPSULE WIDTH OF ADULT FACE FLIES REARED 
IN CATTLE MANURE COLLECTED FROH THREE PASTURES 
ALONG THE BIG SIOUX FLOOD PLAIN IN 1981(IN MM.) 
DATE OF AHERN'S WICK'S WHEELER'S 
HANURE PASTURE PASTURE PASTURE 
COLLECTION N MEAN S.E. N MEAN S.E. N MEAN S.E . 
JUNE 2 172 2.72 . 01 141 2.49 .01 . ----
JUNE 9 88 2.51 .02 92 2.68 . 02 97 2.65 .02 
JUNE 16 
JUNE 23 104 2.62 .01 117 2.66 .01 127 2.72 .01 
JUNE 30 34 2.53 .03 104 2.60 .02 103 2.62 .02 
JULY 7 88 2.66 .01 138 2.64 .01 128 2.66 .01 
JULY 14 78 2.50 .02 76 2.52 .02 62 2.59 .02 
JULY 21 61 . 2.53 .02 103 2.56 .02 131 2.57 .01 
JULY 28 147 2.63 .01 144 2.71 .01 175 2.66 .01 
AUG .4 141 2.62 .01 93 2.73 .01 96 2.66 .01 
AUG 11 28 2.64 .03 39 2.76 .02 79 2.72 .01 
AUG 18 43 2.64 .02 55 2.72 .01 39 2.69 .02 
AUG 25 162 2.68 .01 142 2.64 .01 111 ·2. 71 .01 
SEPT 1 160 2.67 .01 161 2.68 .01 138 2.73 .01 
SEPT 8 151 2. ·54 .01 90 2.58 .03 139 2.64 .01 
SEPT 15 128 2.58 .01 164 2.64 .01 228 2.60 .01 
SEPT 22 127 2.63 .01 65 2.60 .01 93 2.57 .01 
SEPT 29 150 2.63 .01 77 2.61 .01 177 2.62 .01 
OCT 6 228 2.54 .01 224 2.31 .01 192 2.53 .01 
OCT 13 163 2.36 .01 167 2.40 .01 
OCT 20 154 2.39 .01 148 2.25 .01 
TOTAL 2407 2.58 .01 2341 2.56 .01 2115 2.64 .01 
